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Abstract 
During their operation, modern aircraft engine components are subjected to increasingly demanding operating conditions, 
especially the high pressure turbine (HPT) blades. Such conditions cause these parts to undergo different types of time-dependent 
degradation, one of which is creep. A model using the finite element method (FEM) was developed, in order to be able to predict 
the creep behaviour of HPT blades. Flight data records (FDR) for a specific aircraft, provided by a commercial aviation 
company, were used to obtain thermal and mechanical data for three different flight cycles. In order to create the 3D model 
needed for the FEM analysis, a HPT blade scrap was scanned, and its chemical composition and material properties were 
obtained. The data that was gathered was fed into the FEM model and different simulations were run, first with a simplified 3D 
rectangular block shape, in order to better establish the model, and then with the real 3D mesh obtained from the blade scrap. The 
overall expected behaviour in terms of displacement was observed, in particular at the trailing edge of the blade. Therefore such a 
model can be useful in the goal of predicting turbine blade life, given a set of FDR data. 
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Abstract 
The objective of this paper is to numerically analyze the buckling of reinforced structures (stiffened plate) cracked 
under compressive stress by considering the evolution of cracks and its orientation. Numerical modeling and 
calculation by the finite element method, estimated the critical load for compression panel. The work presented in 
the article was inspired by several publications that related to this field. Brighenti (2005) have studied the behavior 
of elastic buckling of r ct ngular cracked hin plate for different boundaries conditions. Following these 
calculations, a calibration function was derived to estimate the load ratio ψ to the compression function of the crack 
length and its inclination. We found that the variation of the critical stress is proportional to the crack dimensions. In 
buckling, a transverse crack is more stable than a longitudinal crack. 
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1. In roduction 
The stability of the plate increases with the increase of the thickness of the plate. An efficient solution is obtained 
by keeping the thickness of the plate as small as possible by introducing reinforcements. TIMOSHENKO and GERE 
(1961) clearly explained and applied the bar theory in linear buckling problems in several concrete cases. 
R. Brighenti (2005) has studied the behavior elastic buckling of rectangular thin plates in different cracks for 
different boundary conditions. Numerical results proved that the effects of cracks under the compression buckling 
phenomenon dependent on boundary conditions of the plate. K. Ghavami a d M.R. Khedmati (2006) worked on 
stiffened plates Submitted to axial compression load to failure.  
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 The finite element method has been used by these authors to simulate the elastoplastic behavior of stiffened 
plates. A.H.S. Nathera and al (2011) have studied the buckling problem by taking the influense of boundary 
conditions, the relative length and the orientation of the crack. These authors deducted that the cracks were very 
sensitive to the slope and if the cracks extended along the compression field, they can have significant effects. Seifi 
R. and al (2011) have studied the buckling carrying the influence of parameters processed by Nathera and al (2011) 
were taken by these authors. The thickness of the plate and the applied partial supports have been making the subject 
of a further study; drew the following conclusions, the plate (without cracks) on two simple supports and two free 
edges, loaded on both sides buckle in mode 1 (a half-wave in the load direction). If the free edges are clamped, the 
plate buckles in mode 2, 3 or 4, is not in mode 1 or higher than mode 4. This study shows the buckling problem that 
can note on plates or panels of a ship. As it behaves like a beam on elastic under bending stress, there may be 
instability in the compression buckling of reinforced plates or panels. For a geometric ratio of the fixed plate with 
two transverse reinforcements and a central crack, a passage functions were determined to evaluate the critical stress 
buckling in case of a cracked panel from the critical stress uncracked panel. These functions take into account the 
relative crack length and orientation. 
2. Elastic buckling 
     Generally, the buckling intervenes for stress in the material much lower than the failure limits. For a plate under 
uniform compression stress, the analytical solution of critical loads (Ncr) for the four buckling modes can be 
represented as follows: 
 
                                                                                                                                                                                 (1)           
K is a coefficient which depends on the ratio b/a, and D is the flexural rigidity of the isotropic plate. 
 
                                                                                                                                                                                 (2) 
T is the thickness of the isotropic plate, E and ν are respectively the Young's modulus and Poisson's ratio of the 
material. 
3. Elastic critical buckling load 
   It is obtained from the equation of linear buckling. It is given in the form:   
kσ is the dimensionless buckling ratio, under normal stresses σ . 
 
                                                                                                                                                                                 (3) 
Buckling coefficient k depends on α = a/b aspect ratio of the plate, the inflectional boundary conditions of the plate, 
plate stress, properties and location of the stiffening when the plate is stiffened. 
4. Stiffeners 
The stiffeners can suppress global buckling modes of the panel, and they provide a burden-sharing between the 
individual beams and thin plates as shown in a ship section (Figure 1).  
 
 
 
 
 
 
 
 
Fig 1. Chief section of a ship with various stiffened elements. 
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   a = 0.45 
P = 1 
 Uz=0 
b = 0.3 m 
t = 0.003 m 
Uy=Uz=0 
Ux=Uy=Uz= 0 
 
5. Modelling and numerical simulation 
Numerical modeling has concerned the case of plates without presence of defects and cracked plates under 
buckling in compression. The resolution was made by the finite element method with the code ANSYS.V12.1 
Mechanical APDL. The SHELL93 element was used for modelling of the thin isotropic steel plates. 
6. Validation with an analytical model 
For this, a simple plate without defects under buckling in compression. The plate is meshed with elements Shell 
93, E=200 GPa et ν=0.32 . 
The results have shown the low dispersion values obtained numerically by compression with those determined 
analytically (Table IV.4). 
 
 
 
 
                    
 
 
 
 
 
 
Fig 2. Plan of a simple plate; Madenci, E. and Guven I ( 2006). 
Table 1. Results of the critical load. 
 
 
 
 
 
 
 
7. Geometry model of the reinforced plate (panel) 
       It was selected a plate and stiffeners whose geometrical dimensions which are presented in the Table 2. 
 
Table 2. Geometric dimensions. 
 
 
 
 
 
 
 
 
Buckling Mode Analytical critical load 
Ncr (Pa) 
Numerical critical load 
Ncr (Pa) 
Rate (%) 
1 237503 236760 0.3 
2 256196 256330 0.1 
3 343610 341430 0.6 
4 506344 505750 0.1 
Panel Dimension (mm) 
Plate 3000x1000x3 
Stiffeners (plat profile) 1000x100x1 
Spacing between stiffeners 1000 
0 
Z 
Y 
X 
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Fig 3. Diagram of the plate have 2 stiffeners and a crack’s length (2a). 
 
     The ratios of the length of the cracks studied  (2a / w) vary between 0 and 1, with a step of 0.05 and the angle of 
orientation θ of the crack with regard to the longitudinal axis of symmetry of the panel varies from 0° to 90 ° with a 
10 ° angle increment. 
8. Characteristics of the material 
The structure studied is composed of mild steel whose mechanical characteristics are the Young's modulus (E = 
205 800 MPa), Poisson's ratio ( = 0.3), density of the steel mass  ( = 7.8 .103 kg / m3) and the shear modulus  (G 
= 80000 MPa). 
9. Linear buckling of the compression load panel 
      Figure 4 presents the result of calculation by the finite element method of displacement for the case of cracked 
panel. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 4. Modal displacement of the panel; (a) Longitudinal crack; (b) inclined crack with =45. 
 
       Iso-displacement shows Uz displacement a high in the central area between the stiffeners. Furthermore Uz is 
more important for the case of the longitudinal crack as the inclined crack. The results obtained for the four modes 
are shown in Figure5. 
(a) (b) 
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Fig 5. Modal deformation of the plate; a crack length 2 a / w = 0.5 . 
10. The influence of the crack length on the critical load 
A parameter ψ ( = critical load of the plate with crack / critical load of an uncrack plate), dimensionless is 
introduced. This report identifies for a given crack length ratio, the corresponding critical load means a function of 
passage and the critical load of the reinforced uncrack plate. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 6. Evolution of the report ψ according to the crack length. 
 
      A trend curve representing the function ψ allows estimating the critical buckling load of a cracked panel, a 
standard length 2a / w knowing just the critical value of the buckling load of the same uncracked panel. This trend 
curve has been determined in the polynomial form of four orders for the three modes. 
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Fig 6. Evolution of the report ψ according to the crack length. 
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Fig 7. Trend curves ; (a) mode 1 ; (b) mode 2 ; (c) mode 3. 
 
These curves confirm the loss of rigidity of the reinforced plate cracked with the decline in critical buckling load 
according to the increase in length of the crack. 
11. Study of the influence of the inclination of the crack on the critical loading 
The study concerns the evolution of the ratio ψ depending on the inclination of the angle θ ° for a crack crack 
length 2 a / w = 0.5 . 
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Fig 8. Evolution of the report ψ according to the crack inclinations angle for 2a / w = 0.5. 
From these graphs, it is noticed that some ψ values exceed the unit value (ψ> 1) for angles superior at 30 ° and 
40° depending on the mode. Accordingly, from these inclinations of the crack, it is found improved resistance to 
buckling phenomenon panel. Comparing the result of our calculations with those Roberto Brighenti [2], in terms of 
growth ratio ψ as a function of the angle of inclination θ, shows the same aspect by considering a fixed length 2a / w 
and taking complementary angle of the author 
 (θB = π/2 –θ). 
 
 
 
 
 
 
 
 
Fig 9. Evolution of the report - according to the crack inclinations angle, Brighenti reference. 
 
A trend curves representing the ψ function was determined in the polynomial form of fourth order for the three 
modes. 
 
 
 
Fig 10. Trend curves ; (a) mode 1 ; (b) mode 2 ; (c) mode 3. 
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    These curves show an increase in the values of the ratio ψ depending on θ until to 70 °. From this value there is a 
stability observed in mode 1 and 2. 
12. Crack opening during buckling 
We calculated the displacement Ux corresponding to the opening in the middle of the lips of the crack during 
buckling in mode 1. 
 
     From this figure, it is found that for 2a/w ≤ 0.25 the opening of the crack  is constant. Exceed the value 0.25, 
increasing the distance   becomes sensitive. 
 
 
 
 
 
 
 
 
 
 
 
 
 
Fig 11. Spacing  of the lips of the crack in buckling mode 1. 
13. Conclusions 
      We found that the variation of critical constraints is proportional to the crack length and inclination relative to 
the longitudinal axis of the panel. The critical stress decreases as the length of the longitudinal crack increases. It 
appeared also that the buckling strength may increase for a cracked panel for certain values of the inclination of the 
crack. A transverse crack is more stable in buckling than a longitudinal crack. Finally, we have shown that with the 
value of a rigidity of an uncracked panel (rigidity which can be estimated by considering the panel equivalent to a 
plate), it is possible to calculate critical loads for a cracked panel by means of functions of passage.    
. 
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